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MUTANTLEADTO SPECIES DIVERGENCE?^
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The general pattern of speciation in nature

has been clear for a long time —the diver-

gence of portions of a population, usually small

(Levin 1993), usually in geographic isolation

(Mayr 1976), and the accumulation of genetic

changes by selection and/or genetic drift (Crow

and Kimura 1970) that produce reproductive

isolation and normally character divergence as

well. The critical step is reproductive isolation,

and yet that step —except for polyploid forma-

tion which in itself is not always effective

(DeWet 1980) —has rarely been observed
actually happening in nature. A promising

group in which to study speciation events in

progress is section Erythranthe of the genus

Mimidus (Vickeiy 1978).

The six species of monkey flowers compris-

ing section Erijthranthe are moisture-requiring,

herbaceous perennials 1-10 dm in height, with

variously shaped, opposite leaves and bilabiate

flowers that have four stamens, one style with

a bilobed sensitive stigma, and five corolla

lobes that range in color from orange to red

—

rarely yellow —and from lavender-pink to

magenta-pink —rarely white. See Grant (1924)

for further details. When considered species

by species, corollas of M. cardinalis Douglas

vary from orange to red —rarely yellow —and

are sharply and fully reflexed, hummingbird-

pollinated flowers. Corollas of M. verbenaceus

Greene are partially reflexed; that is, the

upper two corolla lobes are reflexed, whereas

the lower three are gently recurved. Flowers

are orange -red to red —rarely yellow —and

also are hummingbird-pollinated. Corollas of

M. nelsonii Grant are partially re-flexed also

and have orange-red to red flowers, which are

longer than those of M. verbenaceus (6-7 cm

versus 4-5 cm). Corollas of M. eastwoodiae

Rydberg and M. rupestris Greene, the two
cliff-dwelling species, are partially reflexed,

red, and typically hummingbird-pollinated

also. And last, flowers of the Rocky Mountain

variety of M. lewisii Fursh are magenta-pink

with all five corolla lobes gently recurved

rather than reflexed, thus forming a bee-land-

ing platform; flowers of the Sierra Nevada
variet\' of Al lewisii are lavender-pink —rarely

white —with corolla lobes thrust foi"ward. Both

varieties of M. lewisii are bee-pollinated.

Mimulus lewisii flowers and those of M. east-

woodiae and M. rupestris produce only modest

amounts of nectar, whereas the other species

produce abundant nectar (Table 1). Thus, the

species differ markedly in flower shape, flower

color, nectar production, and, consequently, in

pollinators sei'vicing the flowers. In the forma-

tion of the six species, evolution appears to

have responded to selection imposed by polli-

nator preferences and ecological opportunities.

The result is that members of the complex

have radiated into a wide variety of different

habitats and niches.

A bright yellow-flowered mutant has

appeared on the scene in this setting of polli-

nator-driven, ecologically opportunistic evolu-

tion. In two populations of M. cardinalis bright

yellow-flowered morphs have become well

established. One population is in the Siskiyou

Mountains of Oregon, which is the northern

limit of the range of M. cardinalis (Grant 1924).

The other population is on Cedros Island, Baja

California, and is at the southern limit of the

species range. As Mayr (1976) suggests, new
forms often evolve from isolated populations

such as these on the periphery of a species

'The opening talk in the s\niposiuni, "Mechanisms of Speciation in Higher Plants," given 1 September 1993 at the XV International Botanical Congress,

Yokohama, Japan.

^Biology Department, University of Utah, Salt Lake City, UT 84112 USA.
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Table 1. Nectar production in the species of section

Enjthranthe measured at OSOOh in the wild (Vickery- and

Sutherland 1994). Averages are based on 20 or more mea-

surements from a population representative of each

species or variet>'.

Species
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which indicates a significant preference for

red. That day there were six l:)umhlebee visits

to red and one to yellow. There were too few

bumblebee visits for a meaningful .v- value to

be calculated. The same pattern of three

observation periods was continued on 2-4

August, but once again there were too few pol-

linator visits to obtain meaningful .v^ values.

Apparently, most hummingbirds had migrated

south and there were few bumblebees all sea-

son that year. On die first day of the experiment

when the plants had just been placed in the

meadow all pollinators would be naive for both

red- and \ellow-flowered M. cordinalis plants

inasmuch as Red Butte Canyon is hundreds of

miles from the nearest M. cardinalis popula-

tion in northern Arizona. Therefore, the highly

significant preference for red appears to be

real and not the result of learned behavior.

Apparently, hummingbirds strongly preferred

the red flowers but also visited the yellow flow-

ers to some extent. The few bumblebee visits

did not suggest a preference.

Results show that the change in flower color

from red to yellow did affect the frequencies

of pollinator visits, but not in an all-or-none

way that would immediately establish repro-

ductive isolation. However, the change would
probably be enough to initiate partial, incipi-

ent reproductive isolation.

Would M. verbenaceus with its normal red

morph and mutant yellow morph produce the

same reactions in pollinators? The flowers of M.

verbenaceus differ from those of M. cardinalis

in that only the upper two corolla lobes are

reflexed, whereas all five of those of M. cardi-

nalis are reflexed. Both species sometimes
have wild populations with orange-red flowers

instead of the typical red flowers.

For the M. verbenaceus experiment, plants of

red-flowered and yellow-flowered individuals

from Vasey's Paradise in the Grand Canyon
plus plants of an orange-red-flowered popula-

tion from Yecora, Sonora, Mexico, were placed

on a lawn by clumps of native Gambel oak at

the mouth of Parley's Canyon, Salt Lake City,

UT This location had an abundance of pollina-

tors in contrast to the paucity of pollinators in

the Red Butte Canyon meadow used previ-

ously. The test population was observed for 15

periods of 1 h each at different times of day

from 26 July through 8 August 1988. On aver-

age, there were 73 red flowers, 87 orange flow-

ers, and 136 vellow flowers (see Vicken' 1990

for daily details of numbers and chi-square

calculations). On average, bumblebees visited

them 24, 56, and 128 times, respectively; and
hummingbirds 43, 98, and 52 times, respective-

ly (Vickery 1990). Bumblebees significantly

eschewed red and orange flowers and prefer-

entially visited yellow flowers. Hummingbirds
significantly preferred orange, visited red

flowers in proportion to their fi-equency in the

population, and significantly eschewed yellow

flowers. Results for M. verbenaceus are much
clearer than those for M. cardinalis. There is a

definite preference for yellow by bumblebees
and a clear avoidance of yellow by humming-
birds. Thus, this color change has lead to sig-

nificant, partial isolation between the normal

orange- and red-flowered morphs and the yel-

low-flowered mutant morph under the condi-

tions of this experiment.

Would M. cardinalis react like M. verbe-

naceus in the better experimental locality at

the mouth of Parley's Canyon? To probe this

question, I added red-, orange-, and yellow-

flowered morphs of M. cardinalis to the M.

verbenaceus red-, orange-, and yellow-flow-

ered moiphs of the previous experiment. The
new experiment was run 8-17 August 1988,

with the population being observed for 15

periods of 1 h each at different times of day.

On average there were 61 red, 57 orange, and

22 yellow flowers of M. cardinalis (see Vickeiy

1990 for day-to-day numbers and chi-square

calculations). On average, bumblebees visited

them 28, 30, and 29 times, respectively, and

hummingbirds 59, 60, and 6 times, respectively.

Bumblebees eschewed red and orange flowers

and significantly preferred yellow flowers

despite their low numbers in the population.

Hummingbirds significantly eschewed yellow

flowers and preferentially visited orange flow-

ers. M. verbenaceus plants were run again at

this time with M. cardinalis plants and exhibit-

ed the same attractiveness or lack of attrac-

tiveness to the pollinators as before. The pres-

ence of M. cardinalis flowers did not alter pol-

linator response to M. verbenaceus flowers.

The color shift from red (or orange) to yellow

leads to marked, partial reproductive isolation

in M. verbenaceus as well as in M. cardinalis.

How effective is the partial reproductive

isolation? To test this, I placed 198 plants of

M. verbenaceus —one-sixth yellow-flowered

and five-sixdis red-flowered to simulate a popu-

lation with a well-established mutant —in four
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experimental areas: the experimental garden

on the University of Utah campus. Red Butte

Canyon Natural Area, the mouth of Parley's

Canyon, and at Silver Fork, Big Cottonwood
Canyon, Salt Lake County, UT. 1 harvested

seeds of each plant and planted seeds han'est-

ed from 20 yellow-flowered plants and grew

them to flowering. If pollinators were visiting

the flowers at random, then they should pick

up and cany pollen from red flowers five times

more often than pollen from yellow flowers.

Pollen loads and resulting seed sets were well

below the 500-1500 seeds per capsule that

may occur in M. verbenaceus. So, results were

not skewed by saturation of the stigma. Also,

assuming all else to be neutral such as relative

growth rates of yellow- and red-pollen tubes,

speed of flowering of red- and yellow-flow-

ered plants, randomness of placement of red-

and yellow-flowered plants, and sample size of

red- and yellow-flowered plants, then the

expected five-to-one visitation rate should

hold. Inasmuch as red is genetically dominant

to yellow, then five-sixths of the seedlings

should be red-flowered and one-sixth yellow-

flowered; that is, of the 214 seedlings grown,

178 should be red-flowered and 36 yellow-

flowered. In fact, there were 86 red-flowered

seedlings and 128 yellow-flowered seedlings.

The ratio is 2 red to 3 yellow flowers, which is

far from the expected ratio of 5 red flowers to

1 yellow flower. This suggests considerable

pollinator faithfulness to one color or the

other. However, in addition to pollinator faith-

fulness there could be self-pollination.

Mimulus cardinalis does not self-pollinate but

M. verbenaceus does at the average rate of 10

seeds per capsule. Average normal seed set is

110 seeds per capsule. Therefore self-pollina-

tion would account for 9% of the yellow-flow-

ered seedlings; i.e., 9%of the 214 seedlings, or

19 seedlings, would be expected to be yellow-

flowered as a result of self-pollination. Of the

remaining 195 seedlings, five-sixths, or 162,

would be expected to be red, and one-sixth, or

33, would be expected to be yellow. Therefore,

I should expect to observe 162 red-flowered

seedlings and 52, i.e., 33 + 19 (the results of

self-pollination), yellow-flowered seedlings

instead of the 86 red-flowered and 128 yellow-

flowered seedlings actually obsened. This is a

highly significant difference (.r^ = 146.730,

p < .0001) and greatly strengthens the point

of pollinator faithfulness. Clearly, pollinator

preference for yellow and faithfulness to yel-

low are having a large effect, though not an

all-or-none effect. Weare seeing strong incipi-

ent reproductive isolation due to color change.

In different areas with different conditions

and different guilds of pollinators the effect

might be less or might be stronger, even lead-

ing eventually to effective reproductive isola-

tion and speciation.
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